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@) Silicone elastomer compositions. 



(57) Heat curable elastomeric silicone rubber compositions are produced which exhibit good tear 
strength, compression set good tensile strength, and excellent heat-age and oil resistance properties. 
The blend includes 1) a vinyl-stopped organopolysiloxane gum, 2) a silica filler, 3) an MQ or M-D vinyl-Q 
resin, or blends thereof , and 4) a cross-linking agent to produce a silicone elastomer which is heat 
curable in the presence of a peroxide catalyst and mixtures of groups 2A and 2B metal oxides including 
magnesium and zinc. 
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FIELD OF THE INVENTION 

Th pr sent invention relat s to h at cur d silicon elastom r compositions. More particularly, th inven- 
tion relates to h at cured silicone last m r compositions containing MQ resins and mixed metal oxides which 
5 provide improved r sistance to hydrocarbon oils, in particular, ASTM #1 oil. 

BACKGROUND OF THE INVENTION 

Heat curable silicone rubber compositions are known in the art. Resin containing compositions are known 
10 for their ability to resist change at elevated temperature and exposure to adverse conditions over extended 
periods of time. As a result, these compositions have become attractive for gasketing applications. Efforts have 
been made to produce resin containing heat cured silicone elastomer compositions having good tear and tensile 
strength and reduced compression set properties. A problem with such efforts, however, has been the poor 
retention of properties following immersion in hot hydrocarbon oils, in particular hot ASTM #1 oil, thereby lim- 
15 iting their participation in certain engineering specifications in applications that require performance in ASTM 
#1 oil. 

A number of exemplary patents disclose heat curable elastomeric silicones such as Wada etal., U.S. Patent 
Nos. 3,671,480 and 3,652,475, Bobear, U.S. Patent Nos. 4,539,357, 4,061,609 and 3,660,345, Creamer, U.S. 
Patent No. 3,696,068 and Jeram et al., U.S. Patent No. 3,884,866. Thorsrud, U.S. Patent No. 4,968,726 dis- 
20 closes the use of a zinc oxide additive for improving radio frequency sensitivity of polyethylene. Yui et al., U.S. 
Patent No. 4,552,689 employs an inorganic filler in a synthetic rubber and polypropylene composition. 

Although resin containing heat curable silicone rubber compositions having good tear strength, good ten- 
sile strength and low compression set properties are known in the art, compositions for use in gasketing ap- 
plications in internal combustion engines must also exhibit excellent heat age resistance and oil resistance over 
25 time. 

SUMMARY OF THE INVENTION 

The present invention is based upon the discovery that resin containing heat curable rubber (HCR) conv 
30 positions exhibiting properties retainable in the presence of hot ASTM #1 oil may be produced by adding group 
(2A) and (2B) metal oxides to such compositions. 

According to the present invention, compositions can be produced which, upon heat-curing, exhibit good 
tear strength, compression set, tensile strength, and excellent heat-age and oil resistance properties. The com- 
positions are also easily processed and produce repeatable and consistent results. Oneembopjm^rjt.oLthe 
35 invention comprises (A) an or flanopolvsil oxafle-Qum. (B) an MQ or M D-vinyl Q resi n orbTendst hereof, (C) a 
silica filler, (D) an optional vinyl containing siloxane gum.t^aTTor^ajoE^dmgsAsib xane crosslinking agent 
and a mixture of group (2A) and (2B) metal oxides, producing a silicone elastomer which is heat curable in the 
presence of a catalyst. 

In one group of compositions, blends are formulated which comprise, by weight: 
40 (A) 100 parts by weight of vinyl-stopped diorganopolysiloxane having a viscosity of about 3,000,000 to 
about 100,000,000 centipoise (cps) at 25°C; 

(B) up to 30 parts by weight based on Component (A) of (1) an organopolysiloxane resin copolymer. The 
r esin copolymer may contain R 3 SiQ.^ monofunctional units (M units) and Si0 2 quadri-functional u nits (Q 
units),, where each R is independently^eiecmd tVtihl the grttup consisting ofVTnyl radicals and monovalent 

45 hydrocarbon radicals free of aliphatic unsaturation. The ratio of M units to Q units ranges from about 0.5:1 

to about 1.5:1, wherein about 0.5 to 10.0 weight percent are vinyl groups. Alternatively, Component (B) 
may comprise (2) an organopolysiloxane resin copolymer containing M and Q units as aforesaid and 
R 2 Si02/2 difunctional (D units) where each R is independently selected from the group consisting of vinyl 
radicals and monovalent hydrocarbon radicals free of aliphatic unsaturation. Each M unit may represent 

so M or M' e.g. M-vinyl units, and each D unit may represent D or D' e.g. D-vinyl units. The ratio of M units to 

Q units is from 0.5:1 to about 1.5:1 and the D units are present in an amount of from about 1 to 70 mot 
percent based upon the total number of mols of siloxy units in the copolymer. The resinous copolymer con- 
tains from about 0.5 to about 10.0 weight percent vinyl groups. The organopolysiloxane resin copolymer 
of Component (B) may contain mixtures of the MQ and the M D-vinyl Q, resinsj 

55 (C)upt ab ut 200 parts bas d upon Component (A) of a fin ly divided silica fill r, 

(D) up to about 100 parts bas duponCompon nt (A) of a vinyl containing polym r including a vinyl-stopped 
polymer, a vinyl-on-chain p lym r, r both, having fr m about 5x10-* to about 5 w ight percent vinyl; (G) 
a random copolymer formed f a polydimethyl siloxane (PDMS) and a polymethyl hydrogen siloxan 



2 



EP 0 572 148 A2 



(PMHS) having the formula: 

R2 3 SiO<SiORiH)x(SiORi 2 )ySiR23 
where each R 1 is independently chos n from a monoval nt hydrocarbon radical free of aliphatic unsatur- 

5 ation containing 1 to about 8 carbon atoms and wherein each R 2 is independ ntly chos n from a hydrogen 

or monovalent hydrocarbon radical fre f aliphatic unsaturation containing 1 to about 8 carbon atoms, and 
x and y range from about 2 to about 100. In the present invention, the hydride is present in an amount 
ranging from about 0.1 to 10 weight percent of Component (A), preferably 0.5 to 8, and more preferably 
0.8 to 2.5 parts by weight. When a hydride agent is employed, a platinum catalyst may be substituted for 

10 the peroxide catalyst to cure the composition. In Component (G) x and y may vary so that (G) has a vis- 

cosity ranging from about 5 to 500 cps, preferably from about 10 to about 100 cps and more preferably 
from about 10 to 50 cps at 25°C; and 

(I) mixtures of groups 2A and 2B metal oxides including up to about 10 parts by weight based upon Com- 
ponent (A) of (11) magnesium oxide and up to about 30 parts by weight based upon Component (A) of (12) 
15 zinc oxide. 

In order to improve properties or processing, the composition may also contain: 

(E) up to about 2 parts by weight of a tetramethyl-divinyl silazane based upon Component (A); and 

(F) up to about 1 0 parts by weight based upon Component (A) of a processing aid comprising low viscosity 
silanoi stopped siloxane fluid of a about 3 to 500 centipoise at 25°C, or a dimethyl met hoxy siloxane poly- 

20 mer, or similar compositions such as silanoi or met hoxy fluids of other viscosities. 

From 15 to 20 percent of a cyclic methyl tetramer may be used to treat the filler prior to compounding. 
A small amount of water may also be added to increase the processibility of the blend. If used, only up to 
about 0.1 parts by weight water based on Component (A) is usually employed. 

In addition to the foregoing, (K) a heat aging component such as fumed Ti0 2> iron octoate, Ce(OH) 4 , or 
25 mixtures thereof, may be present in relatively small amounts, e.g., up to 2 parts by weight based upon Com- 
ponent (A). In the examples below the heat aging component consists of 33 weight percent Ti0 2 , 2.5 weight 
percent iron octoate solution (which comprises about 12 weight percent iron in mineral spirits), 10 weight per- 
cent treated fumed silica (160 m 2 /gm), and 50 weight percent of an 800 penetration vinyl-stopped, vinyt-on- 
chain gum. 

30 The heat-curable compositions of the present invention provide heat cured silicone elastomers having high 

tear strength, good tensile strength, low compression set, and good heat-age and oil resistance. This excellent 
balance of properties is exhibited throughout extended periods of use at high temperatures making these com- 
positions extremely attractive for gasketing, sealing and vibration dampening applications j 

35 DESCRIPTION OF THE INVENTION 

The compositions of the present invention contain (A) an organosiloxane gum or gums having a viscosity 
of about 3 million to 100 million cps at 25°C; (B) an organopolysiloxane resin of the MQ or M D-vinyl Q types; 
(C) a finely divided silica filler; (D) an optional vinyl containing siloxane gum; and (G) an organohydrogensi- 

40 loxane cross-linking agent Combinations of various other components as described herein may also be added. 
Component (A) is preferably a vinyl containing diorgano siloxane gum or blend of such gums having a vis- 
cosity from about 3,000,000 to about 1 00,000,000 cps at 25°C. Preferably, the gum has a viscosity of between 
about 7,000,000 and 84,000,000 cps, more preferably, about 13,000,000 cps at 25°C. The gum is preferably 
vinyl-stopped and has substantially no vinyl-on-chain. The organo groups in the gum should all be monovalent 

45 hydrocarbon radicals. The gum may have a weight percent vinyl concentration of from about 5x1 Or 3 to about 
1 . The gum preferably has a weight percent vinyl concentration in the range from about 6.5X10- 3 to about 0.03, 
more preferably from about 8x1 0- 3 to about 1.5x1 Or 2 and more preferably yet from about 8x1 0- 3 to about 
1.2x1 0~ 2 . The organo groups in the vinyl polymer or polymers of the gum should ail be monovalent hydrocarbon 
radicals. 

50 In a preferred embodiment, Component (A) has the structure: 

ViSiOR' 2 (SiORi2) x (SiOR 2 2 ) y SiR' 2 Vi; 
wherein VI is vinyl and each R 1 is independently chosen from monovalent hydrocarbon free radicals free of 
aliphatic unsaturation and containing 1 to about 8 carbon atoms; each R 2 is independently chosen from mono- 
valent hydrocarbon radicals containing 1 to about 8 carbon atoms; and x and y are integers chosen such that 

55 the vise sity is about 3,000,000 to about 1 00,000,000 cps at 25°. In oth r pr ferred embodiments, x and y are 
integers chos n such that Component (A) has a viscosity which ranges fr m ab ut 3,000,000 t ab ut 
85,000,000 cps at 25°C and a weight p rcent vinyl concentration in t he rang from about 5x1 0- 3 to about 2x1 0~ 2 , 
preferably from about 8x1 Or 3 to about 1.5x1 Or 2 and more pref rably from about 8x1 0-* 3 to about 1.2x1 0~ 2 . 
In accordance with th inventi n, the amount of C mponent(A)pr s nt in the final product may vary. H w- 
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ver, for purpos s of xplanation herein, it is assum d that 1 00 parts by weight of th gum is combined with 
varying amounts of th other components, and the amount of gum in th final product may thereby be inferred. 
In th Examples below, Compon nt (A1) is a vinyl-stopped gum of about 6000 D units in length, has substan- 
5 tialiy no vinyl-on-chain and has a penetration of about 1600. (A2) is similar having about 9000 D units and a 
p n tration of about 300. 

Penetration is measured using Universal Penetrometer by Precision Scientific Model No. 73510 with a sub- 
stantially air free sample. The sample penetration is measured at 25°C±1 Q C using a 100 gm weight and a 
1/4" diameter by 3/1 6" needle foot with rounded edges. The needle is lowered until it just touches the surface 
10 of the polymer. Then, the time to achieve up to 300 mm penetration is determined or the amount of penetration 
after 60 sec. Penetration gum is defined as: 

DepthofPenetration X60seeat259C 
Time 

Penetration may be controlled by controlling the molecular weight and the viscosity of the gum. 

15 Component (B) may be (1) an organopolysiloxane resin copolymer in an appropriate solvent (e.g. xylene). 

The resin copolymer may contain RaSiO^ monofu notional units (M units,) and Si0 2 quadri-functional units (Q 
units), wh ere each R is independently s elected from the group consisting of vinyl radicals and monovalent hy- 
d rocarbon radical s fma nf alip h atic unsa tu rattorn He ratio ot M unit s to U dHhSTraTlfleytttirri atttmn t b. I lu aUUu t 
1.5:1, wherein about 0.5 to 10.0 weight percent are vinyl groups. 

20 Alternatively, Component (B) may comprise (2) an organopolysiloxane resin copolymer containing M and 

Q units as aforesaid and R 2 SiO M difunctional (D or D vinyl units), in an appropriate solvent, where each R is 
independently selected from the group consisting of vinyl radicals and monovalent hydrocarbon radicals free 
of aliphatic unsaturation. The ratio of M units to Q units is from 0.5:1 to about 1 .5:1 and the D or D vinyl units 
are present in an amount of from about 1 to 70 mol percent based upon the total number of mols of siioxy units 

25 in the copolymer. The resinous copolymer contains from about 0.5 to about 10.0 weight percent vinyl groups. 
The organopolysiloxane resin copolymer of Component (B) may contain mixtures of the MQ and the M-D vinvl - 
QjBsjns. " ~ 

The organopolysiloxane resin copolymers of Component (B) in the present composition and their manu- 
f acture are well knowp in the aft Sunn resins aw usually pmHnroH hy hyHr^fycjcf /if ^hlnrosilanfts in a procr^ 

30 descnbed in U.S. Patent No. 3,436,366 which is incorporated herein by reference. 

Component (B) is present in the composition of the present invention in an amount ranging from about 1.0 
to about 30, preferably from 1.0 to 20 and more preferably from 4 to about 12 parts by weight based on Com- 
ponent (A). Component (B) in the Examples below comprises (B2) dispersed in xylene. Much of the xylene 
has been vacuum stripped so as to result in a composition comprising 60% by weight solids and 40% by weight 

35 xylene. 

The process for manufacturing the composition includes a cook and strip step to facilitate the removal of 
the residual xylene from the finished compound. 

Component (C) comprises from about 5 to about 200, preferably from about 10 to about 100 and more pre- 
ferably from about 20 to about 50 parts by weight of reinforcing fillers such as Si0 2 based on Component (A). 

40 Examples of reinforcing fillers that may be used include fumed silica and precipitated silica, with fumed silica 
being preferred. The filler may be pretreated or treated in-situ with various agents, for example cyclopolysi- 
loxanes as disclosed in U.S. Patent No. 2,938,009 to Lucas and silazanes as disclosed in U.S. Patent No. 
3,635,743 to Smith. The cyclopolysiloxanes may be, for example, a cyciotetramethyl siloxane present in the 
amount of about 15 to 20 weight percent of the filler. Preferred fumed silica fillers may have a surface area of 

45 about 1 00 m2/gm to about 300 m 2 /gm and preferably about 1 60 m2/gm to about 240 rr^/gm. The higher surface 
area fillers tend to result in better properties, however, they are more expensive than the lower surface area 
fillers and require surface treatments or more processing aid to incorporate them into the gum. In the Examples 
below, the filler Component (C) comprises a fumed silica filler having a surface area of about 160 m 2 /gm and 
which has been pretreated with octamethyl cyclotetrasiloxane. 

so Preferably, Component (D) is added in an amount of up to about 1 00 parts by weight based on Component 

(A). The actual amount of Component (D) to be added varies depending upon the vinyl content and the amount 
of cross-linking desired for controlling the properties exhibited by the cured product. 

According to an embodiment of the present invention, Component (D) may be a vinyl-on-chain polymer 
such as diorganosiloxane gum having a vinyl content of up to about 4 weight percent vinyl, or higher. 

55 Inth examples b I w, Component (D1) is a VOC gum having a vinyl cont nt f about 0.2 weight percent, 

whereas, Compon nt (D2) is a vinyl-on-chain gum having a vinyl cont nt of about 0.6 weight percent. 

Alternatively, C mp nent (D3) may be a vinyl- n-chain, vinyl-stopped gum containing from about 5x1 0- 3 
up to about 1 .0 w ight perc nt vinyl. When using a vinyl-on-chain, vinyl chain-stopped gum, about 0.1 1 about 
100 parts by weight are added bas d n Component (A). F r example, when Component (D3) has a vinyl con- 
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tent of approximately 0.05 weight perc nt, about 5 parts by weight bas d upon Compon nt (A) is used. 

The vinyl polym r r polym rs f Compon nt (D) may contain vinyl-on-chain groups and vinyl or m thyl 
end-groups. In preferred embodim nts, Compon nt (D) has th formula: 
5 SiORi 3 (SiORiRVi) x (SiOR2 2 ) y SiRi 3 

Wh rein R 71 is a vinyl radical having from 2 to about 10 carbon atoms, each R 1 is ind p ndentJy chosen 
from a vinyl radical having from 2 to about 10 carbon atoms, and a monovalent hydrocarbon free radical free 
of aliphatic unsaturate and containing 1 to about 8 carbon atoms, each R 2 is a monovalent hydro-carbon free 
radical free of aliphatic unsaturation and containing 1 to about 8 carbon atoms, and x and y are integers, wherein 
10 x, y, R^ R 1 and R 2 are chosen such that Component (D) has a weight percent vinyl concentration in the range 
from about 5x10-3 to about 5 weight percent, preferably from about 0.01 to about 4, and more preferably from 
about 0.03 to about 4. The amount of Component (D) added to the blend may be increased when the vinyl 
concentration of Component (D) is low, and a lesser amount of Component (D) may be added when its vinyl 
concentration is high. For example, when using a vinyl-on-chain gum having a vinyl content of about 4 weight 
15 percent, only about 0.5 parts by weight based on Component (A) is added. When using a gum having a vinyl 
content of only about 0.6 weight percent, however, 5 parts by weight are added based on Component (A). \ 

The vinyl-on-chain units of Component (D) provide increased cross-linking of the cured rubber and en- 
hance those properties necessary for use in gasketing, sealing and vibration dampening applications. 

The vinyl containing polymers of Component (D) can be made by a process well known in the art, for ex- 
20 ample, by reacting cyclotetrasiloxanes in the presence of low molecular weight, linear vinyl chain stoppers at 
high temperatures in the presence of basic catalysts so as to yield a polymer of the desired molecular weight 
When the reaction is over, the catalyst is neutralized and the excess cyclics are vented off to result in the de- 
sired polymer. By controlling the amount of chain stopper and the temperature of the reaction, the molecular 
weight of the desired vinyl-containing polymer end product can be controlled. For more details of the process 
25 by which such vinyl containing polymers are produced, reference is made, for example, to U.S. Patent No. 
3,660,345, which is incorporated herein by reference.] 

Component (E) is a vinyl terminated silazane coupling agent and surface treatment for the filler which may 
take the form: 

V1SiR 2 NHSiR 2 Vi 

30 wherein R is an organic such as CH 3 . The coupling agent promotes bonding between Components (A) and (C) 
and between Components (B) and (C), and may be applied to the filler, Component (C), prior to mixing with 
the other components. 

Component (E) may be vinyl stopped linear silazane such as tetramethyl-divinyl silazane. The material is 
added for enhancing the bonding of filler to polymer. In the present invention, the silazane also acts as a filler 
35 treatment in-situ. 

Component (E) is preferably present in an amount of up to about 2 percent, more preferably-up to about 
0.3 percent by weight based on the weight of Component (A). Component (E) may be present in an amount 
of only about 0.03 parts by weight based on 100 parts of Component (A), however, slightly higher amounts 
are preferred. 

40 In addition to, in conjunction with, or in place of Component (E), small amounts of hexamethyl disilazane 
may be used to treat fumed silica filler prior to mixing the filler with the other components, or in-situ. If used, 
up to about 20 parts by weight of hexamethyl disilazane is added based on 100 parts filler. 

Ot her components may also be employed as discussed hereinafter. For example, in order to allow for eas- 
ier incorporation of the filler in the gum, Component (F), a processing aid or plasticizer is employed. In the 

45 preferred embodiment, Component (F) is a low viscosity silanol stopped siloxane fluid having a viscosity rang- 
ing from about 3-500 cps and preferably 3 to 50 cps at 25°C. The siloxane fluid is an equilibrium mix of low 
molecular weight oligomers of about 4 to about 1 0 D units, preferably between 4 and 6 repeating units in length 
with a minimum amount of cyclics in equilibrium with the oligomers. The processing aid (F) may have the form 
of (R 2 SiOv5) x OH where each R is CH 3 and x is between 4 and 10, preferably between 4 and 6, with resulting 

so cyclics of the same number of units in equilibrium. Alkoxy terminated siloxanes such as (F1), a methoxy silox- 
ane having the formula: 

(RSiOR^SiOR^ 

where R is CH 3 may be used as process aids. In the present invention, the processing aids are present in 
amounts between 2 and 10 weight percent of Component (A) preferably between 2.5 and 5.0 parts by weight 
55 and most pr ferably about 3.5 parts by weight bas d n Component (A). It should be understood that typically 
th more filler that is used the gr at r amount of processing aid is mployed. In the Exampl s b I w, Com- 
ponent (F) has a silanol content of about 7.5 % by w ight although a silanol content of about 5 to about 10 
weight p rcent is expect d to provide good r suits; and Component (F1) has an alkoxy content ranging from 
about 5.5 1 about 8% m thoxy and a viscosity of about 5 to about 11 centistokes. 



5 



EP 0 572 148 A2 

In addition to th foregoing, Component (G) in the form of a hydride cross-linking agent may be mployed. 
In a preferred embodim nt, Comp n nt (G) may be a random copolym r form d of a polydimethyl siloxane 
(PDMS) and a polymethyl hydrogen sil xane (PMHS) having the form: 
5 R2 3 SiO(SiORi HMSiOR^iRSa 

wh rein wher each R 1 is independently chos n from a monovalent hydrocarbon radical fr of aliphatic un- 
saturation containing 1 to about 8 carbon atoms and each R 2 is independently chosen from a hydrogen or mono- 
valent hydrocarbon radical free of aliphatic unsaturation containing 1 to about 8 carbon atoms, and x and y 
range from about 2 to about 100. In the present invention, Component (G) is present in an amount ranging 
10 from about 0.1 to 10 weight percent of Component (A), preferably 0.5 to 8, and more preferably 0.8 to 2.5 parts 
by weight. When a hydride agent is employed, a platinum catalyst may be substituted for the peroxide catalyst 
to cure the composition. In Component (G) x and y may vary so that (G) has a viscosity ranging from about 5 
to 500 cps, preferably from about 10 to about 100 cps and more preferably from about 10 to 50 cps at 25°C. 
The linear hydride described above can be made by many procedures which are known in the art and par- 
ts ticularly by the hydrolysis of appropriate chlorosilanes. See for example, U.S. Patent No. 4,041,101 which is 
incorporated herein by reference. In the Examples below, Component (G) has a viscosity of about 30 centis- 
tokes, a hydride content of about 0.8 percent by weight, and a chain length of about 100 units. 

A small amount of water may also be added to increase the processibility of the blend. If used, only up to 
about 0.1 parts by weight water based on Component (A) is usually employed. 
20 To improve the heat-age resistance of the cured compositions of the present invention, Component (H), 
a heat-age additive, may be employed. The heat aging component such as fumed Ti0 2 , iron octoate, Ce(OH) 4 , 
or mixtures thereof, may be present in relatively small amounts, e.g., up to 2 parts by weight based upon Com- 
ponent (A). In the examples below the heat aging component consists of 33 weight percent Ti0 2 , 2.5 weight 
percent iron octoate (12% iron in mineral spirits), 10 weight percent treated fumed silica (160 m 2 /gm), and 50 
25 weight percent of an 800 penetration vinyl-stopped, vinyl-on-chain gum. 

Only up to about two parts by weight Component (H) is needed based on Component (A) to improve the 
heat-age characteristics of the composition. 

In the present invention, Component (I) comprises mixtures of group 2A and group 2B metal oxides. Spe- 
cifically, (11) comprises from about .05 to about 10 parts by weight based upon Component (A) of magnesium 
30 oxide (MgO) and (12) comprises from about 0.5 to about 30 parts by weight based upon Component (A) of zinc 
oxide (ZnO). In the examples below, the magnesium oxide may be a Maglite 3231, 99.0% through 325 mesh 
screen sold by Merck Chemical Division, Rahway, New Jersey. The zinc oxide may be XX-78 having a particle 
size of 0.31 microns, 99.9% through 325 mesh screen sold by New Jersey Zinc Co., Inc., Palmerton, Penn- 
sylvania. 

35 In the present invention, the magnesium oxide and zinc oxide may be mixed in various proportions with 

the silicone elastomer A. In the present invention, when mixing MgO and ZnO with polymer (A), MgO is present 
in amounts ranging from about .1 to about 2, preferably .15 to about .8 and more preferably .2 to about .4 parts 
by weight based upon 100 parts of (A). The ZnO is present in an amount from .1 to about 10, preferably 1 to 
about 8 and more preferably 2.6 to about 7.8 parts by weight based upon Component (A). 

40 The mixture of metal oxides with the polymers and resins tends to enhance the resistance to hot oil by 
serving as acid and base acceptors which are the thermal oxidative decompositions products of the oil. The 
oxides also improve upon the resistance of the materials to thermal aging when not in the presence of hot oil. 

In the present invention, the oxides are generally added to the HCR compounds after the materials have 
been formulated and passed through a cook cycle to remove volatiles. The temperature during the addition is 

45 less 80°C, and the additions are preferably made when the compound is in the doughmixer. Alternatively, ox- 
ides may be added to the compound while being banded on a rubber material. Either mode of addition is per- 
formed until the oxides are thoroughly dispersed. 

While the addition of group 2A and 2B metal oxides, in particular those of magnesium and zinc, to protect 
against acids is known, the discovery that MQ resin containing silicone rubber compounds are particularly sus- 

50 ceptibie to degradation in hot ASTM #1 oil and that the combination of MgO and ZnO additives can be used 
to substantially ameliorate that susceptibility is unique. 

Other components which may be added to the blends of the present invention include, but are not limited 

to: 

(K) a heat age additive comprising cerium hydroxide, preferably about 75% by weight, master-batched 
55 in p lydimethylsiloxane fluid having a viscosity of ab ut 30,000 cps at 25°C. 

In ord r to f rm a heat curable rubber, (L) an organic peroxid , free radical initiator r curing catalyst is 
provid d. Th preferr d peroxid curing agents are thermal decomposition organic peroxides conv niently 
used to cure silicon lastom rs. Exampl s of suitable organic peroxide fr e radical initiators for use in th 
present inventi n ar disclos d t for xampl , in U.S. Patent No. 4,539,357 to Bob ar which is incorporated 
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h rein by r f rence. Suitab! peroxide catalysts include dialkyi p roxide such as di-tertiary-butyl peroxide, ter- 
tiary-butyl-triethylmethyl p roxid , di-t rtiary-butyt-t rtiary-triph nyl peroxid , t-butyl p rb nzoate and a di- 
t rtiary alkyl per xid such as dicumyl p r xid . Und r certain conditions her inafter described, such as when 

5 a hydride is us d, a platinum catalyst may be mployed instead as an initiator. In the examples below, th pre- 
f rred catalyst is a vinyl sp cific peroxide such as 2,5 dimethyl-2,5-di(t-butyl p r xy) h xane e.g., (Lup rsol 
™101 sold by Lucidol Division of Penwalt Corp.). The preferred catalyst (L), Lupersol™ 101 is in the form of a 
paste comprising 2,5 dimethyi-2,5-di(t- butyl peroxy) hexane which is on a carrier (calcium carbonate) and dis- 
persed in a polydimet hylsiloxane fluid having a viscosity of 30,000 cps at 25°C. The composition contains about 

10 33 weight percent peroxide and requires about 1 .2 parts of the master batch to provide about 0.4 parts of active 
peroxide. 

Frequently used thermal decomposition catalysts activate within a temperature range of about 330°F to 
about 390°F. 

Optionally, (M) a pigment such as carbon black in a PDMS master batch sold by Kenrich Corp may be used. 
15 The material is essentially inert and is primarily for aesthetics. 

EXAMPLES 

The following Examples shown below used components mixed in various proportions to produce oil resis- 
20 tant resin containing heat curable silicone rubber compositions: 
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BASE CQMPQS1TI9N X 
(Base 1) 

Component Parts /Wt. 

Al 85 

B 10 

C 28 

D2 (.6% Vi) 5 



11 1.4 

I II 

Base 1 100 100 

12 4 

K 0.8 

L 1.2 1.2 

M 0.3 0.3 



Properties 

Shore A 48 49 

Tensile (psl) 1180 1238 
Elongation % 654 670 
100% modulus 199 212 
(psi) 

168 hr/300 # P 
ASTM «1 oil 

Shore A 44 45 

Tensile, psi 942 1031 
Elongation % 512 553 



The data show that a resin containing composition (Ex. 1) having an MgO additive only has less resistance 
to hot #1 ASTM oil than the composition (Ex. II) containing mixtures of MgO and ZnO as additives. 
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BASE COMPOSITION 2 
(Base 2) 



Component Parts /Wt. 



A2 


85 






B 


10 






C 


29 






D2 ( .2% Vi) 


5 






B 


0. 12 








3 






G 


1.4 








III 


IV 


V 


OODQ Xr 


100 


100 


100 


H 


0.8 


0.8 


0.8 


11 


1.0 


1.0 


1.0 


12 




6 




K 


- 


0.8 


- 


L 


1.2 


1.2 


1.2 


M 


0.3 

W.J 


0.3 


0.3 


ProDerties 








Shore A 


51 


52 


51 


Tensile (psi) 


1514 


1400 


1333 


Elongation % 


759 


714 


695 


Tear (ppi) 


195 


246 


256 


100% modulus 


191 


198 


193 


(psi) 








SG 


1.127 






C/S 22/3501 


16.9 






168 hr/300 # F 








ASTM n oil 








Shore A 


45 


44 


45 


Tensile , psi 
Elongation % 


1038 


1321 


1080 


560 


680 


598 



The data again show that the ZnO additive in combination with MgO (Ex. IV) results in improved oil resis- 
tance (e.g., a smaller drop in tensile strength and elongation) than non-ZnO containing compositions such as 
Ex. Ill and V. 
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Component: 



A2 

B 

C 

D2 
E 
F 
G 



(.2% Vi) 



BASE COMPOSITIOM 3 
(Base 3) 

Parts /Wt. 

85 
10 
30 
5 

0.12 
3 

1.4 



Base 3 

H 

11 

12 

K 

Properties 

Shore A 
Tensile (psl) 
Elongation % 
Tear (ppi) 
100% modulus 
(psi) 
SG 

168 hr/300'P 
ASTM »l oil 

Shore A 
Tensile, psi 
Elongation % 

168 hr/300*P 
ASTM »2 oil 

Shore A 
Tensile, psi 
Elongation % 



TTT 

XI 




vill 


TV 

lA 


mm 

X 


100 


100 


100 


100 


100 


0.8 


0.8 


0.8 


0.8 




X • z 


A • z 


± * Z 


1 • Z 


1.2 


4 


4 


6 




4 


0.8 




0.8 




0.8 


48 


47 


48 


46 


47 


1525 


1536 


1562 


1715 


1624 


800 


826 


823 


860 


833 


279 


210 


262 


161 


199 


177 


175 


177 


171 


175 


1.169 


1.160 


1.193 


1.133 


1.158 


44 


43 


44 


43 


43 


1186 


1184 


1211 


1142 


1238 


697 


700 


699 


711 


693 


42 


43 








1297 


1284 








727 


724 









The data show that Component (K) has little effect on oil resistance. However, Ex. IX, which does not con- 
tain ZnO has a sharp drop in tensile strength from an initial value of 1715 psi to 1142 psi after immersion in 
hot oil. 
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BASE COMPOS TTTOM 4 
(Base 4) 



gopiponept Parts/Wt. 

A2 85 

B 10 

C 29 

D2 ( .2% Vi) 5 

E 0.12 

F 1.5 

G 1.4 

Fl 3 



21 MI 

Base 4 100 100 

H 0.8 0.8 

11 1.2 1.2 

12 .4 

L 1.2 1.2 

M 0.3 0.3 

Properties 

Shore A 48 48 

Tensile (psi) 1345 1278 

Elongation % 685 650 

Tear (ppi) 270 290 

100% modulus 201 190 
(psi) 

SG 1.125 1.153 

168 hr/300'P 
ASTM fl oil 

Shore A 43 43 

Tensile, psi 877 976 

Elongation % 503 523 



The absence of ZnO in Ex. XI results in a greate proportional reduction in tensile strength after immersion 
inhotASTMoil. 
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BASE COMPOSITION 5 

(Bas S) 



Component 


Parts /Wt. 




A2 


85 




B 


10 




c 


29 




D2 ( .6% Vil 


5 




E 


0. 14 




F 


1.5 




G 


1.4 




Fl 


3.5 






XIII 


XIV 


Base 5 


100 


100 


H 


0.8 


0.8 


11 


1.2 


1.2 


12 




4 


L 


1.2 


1.2 


M 


0.3 


0.3 



Properties 

Shore A 
Tensile (psi) 
Elongation % 
Tear (ppi) 
100% modulu 8 
(psi) 
SG 

168 hr/300*F 
ASTM fl oil 

Shore A 
Tensile, psi 
Elongation % 



48 

1312 
679 
176 
208 

1.126 



43 

912 

499 



49 

1362 
670 
245 
216 

1.159 



45 

1065 
543 



Oil resistance of Example XIII without ZnO is less than the oil resistance of Example XIV containing ZnO, 
both in terms of tensile strength and elongation. 
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BASE COMPOSITION 6 
(Base 6) 



Component Parts /Wt. 

Al 94.4 

B - (no reain) 

C 30 

D2 (.2% Vi) 5.6 

E 0.12 

P 3.0 

G 1.4 



XV XVI 

Base 6 100 100 

H 0.7 0.7 

11 1.1 1.1 

12 4 

K 0.7 0.7 

L 1.2 1.2 

M 0.3 0.3 

Properties 

Shore A 37 37 

Tensile (psi) 1525 1645 

Elongation % 998 949 

Tear (ppi) 131 139 

100% modulus 114 110 
(psi) 

SG 1.154 1.120 

168 hr/300*P 
ASTM »1 oil 

Shore A 28 29 

Tensile, psi 1502 1462 

Elongation % 1050 955 

168 hr/300'P 
ASTM #2 pil 

Shore A 30 27 

Tensile, psi 1549 1604 

Elongation % 933 998 



The data shows that non-resin containing compositions inherently have good resistance to hot ASTM #1 
oil and are less affected by the absence of ZnO. Thus, it can be said that the resin component reduces oil 
resistance and the ZnO in combination with MgO improves the oil resistance of resin containing compositions 
especially in ASTM #1 oil. 

While there have been described what at present are considered to be the preferred embodiments of the 
pres nt invention, itwill be readily apparent t thos skilled in the artthat various chang smayb madetherein 
without departing from the inv nti n and it is int nded in the claims to cov r such chang s and modif icati ns 
as fall within the true spirit and scope of the inv ntion. 
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Claims 

1. A heat cured silicon rubber composition comprising in parts by w ight 

5 (A) 1 00 parts by weight of an organopolysiloxan having a viscosity of about 3 million t about 1 00 mil- 

lion cps at 25°C; 

(B) about 1 to about 30 parts by weight based upon Component (A) of an organopolysiioxane resin co- 
polymer comprising: 

1) R 3 SiO^ units (M units) and Si0 2 units (Q units) where each R is independently selected from the 
10 group consisting of vinyl radicals and monovalent hydrocarbon radicals free of aliphatic unsaturation 

with a ratio of M units to Q units ranging from 0.5:1 to about 1.5:1, where the copolymer contains 
from about 0.5 to 10 weight percent vinyl groups, or 

2) R 3 SiO.^ units (M units), Si0 2 units (Q units) and R^SiO^ units (D vinyl units) where each R is 
as defined above and each R* is a vinyl containing radical having from 2 to about 1 0 carbon atoms, 

15 and where the ratio of M units to Q units is from 0.5:1 to about 1 .5:1 , and the D vinyl units are present 

up to about 70 mol percent based upon the total number of mols of siloxy units in the copolymer, 
and where the resinous copolymer contains from about 0.5 to about 10.0 weight percent vinyl 
groups, or 

3) mixtures of 1 and 2; 

20 (C) up to about 200 parts by weight based upon Component (A) of a finely divided filler 

(D) up to about 1 00 parts based upon Component (A) of a vinyl containing polymer having a vinyl content 
of about 5 x 1 0^ to about 5 weight percent, Component (D) increasing the amount of cross-linking within 
the heat cured silicone rubber composition; 

(G) from about 0.1 to about 1 0 weight percent based on Component (A) of a hydride cross-linking agent; 
25 and 

(I) a mixture of group 2A and 2B metal oxides including magnesium oxide and zinc oxide. 

2. The composition of claim 1, wherein the magnesium oxide is present in an amount ranging up to about 
1 0 parts by weight based upon Component (A) and the zinc oxide is present in an amount up to about 30 

30 parts by weight based upon Component (A). 

3. The heat cured silicone rubber composition of claim 1 or Claim 2, wherein Component (A) has the struc- 
ture : 

ViSiOR^tSiOR^WSiORz^ySiR^Vi; 
35 wherein Vi is vinyl and each R 1 is independently chosen from monovalent hydrocarbon free radicals free 

of aliphatic unsaturation and containing 1 to about 8 carbon atoms; 

each R 2 is independently chosen from monovalent hydrocarbon radicals containing 1 to about 8 
carbon atoms, and x and y are integers chosen such that the viscosity is about 3,000,000 to about 
100,000,000 cps at 25°. 

40 

4. The heat cured silicone rubber composition of any preceding claim, wherein Component (D) has the fon- 
mula : 

SiOR 1 3 (SiO^R^SiOR^y SiR^ 
wherein R w is a vinyl radical having from 2 to about 10 carbon atoms, each R 1 is independently 
chosen from a vinyl radical having from 2 to about 10 carbon atoms, and a monovalent hydrocarbon free 
radicals free of aliphatic unsaturation and containing 1 to about 8 carbon atoms, each R 2 is a monovalent 
hydrocarbon free radical free of aliphatic unsaturation and containing 1 to about 8 carbon atoms, and x 
and y are integers, wherein x, y, R^, R 1 and R 2 are chosen such that Component (D) has a weight percent 
vinyl concentration in the range from about 5x1 Or 3 to about 5 weight percent. 

5. The heat cured silicone rubber composition of any preceding claim, further comprising : 

(E) up to about 2 parts by weight of a tetramethyi-divinyl silazane based on 100 parts by weight of 
Component (A). 

6. The heat cured silicone rubber composition of any preceding claim, further comprising : 

55 (F) up to about 10 parts by w ight based upon Component (A) of a sPanol stopp d siloxane fluid 

having a viscosity of ab ut 3 to about 500 cps at 25°C. 

7. Th heat cured silicone rubber composition of any on of claims 1 to 6, wher in Comp nent (G), is an 
organohydrogensil xan cross-linking agent having a hydride content of about 0.8 percent by weight. 
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8. Th heat cured silicon rubber composition of any one of Claims 1 to 6, wher in Component (G) has th 
f rmula 

R2 3 SiO(SiORiH) x (SiOR 1 2 ) y SiR2 3 
5 wher ach R 1 is independently chos n from a monovalent hydrocarbon radical fre of aliphatic unsatur- 

ati n containing 1 to about 8 carb n atoms and wh r in ach R 2 is independently chos n from a hydrogen 
or monovalent hydrocarbon radical free of aliphatic unsaturation containing 1 to about 8 carbon atoms, 
and x and y vary so that (G) has a viscosity ranging from about 5 to 500 cps at 25°C. 

10 9. The heat cured silicone rubber composition of any preceding claim, further comprising Component (H) 
up to about 2 parts by weight based upon Component (A) of a heat-age additive. 

10. The heat cured silicone rubber composition of any preceding claim, comprising 20 to 50 parts by weight 
based on Component (A) of Component (C). 
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